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Description 

Technical  Field 

The  present  invention  concerns  capacitance 
probes  useful  to  measure  the  width  of  slots  or  clearanc- 
es  between  electrically  conductive  parts.  More  particu- 
larly,  the  invention  concerns  improvements  in  probe 
structure  which  permit  adaptation  to  slots  of  substantial- 
ly  different  nominal  widths,  measurement  of  slot  width 
over  an  increased  depth  or  width  or  both  within  the  slot 
with  minimal  loss  of  sensitivity,  and  reproducible  posi- 
tioning  of  the  probe  within  the  slot  during  measurement. 

Background  Art 

For  many  years,  a  variety  of  electrical  probes  have 
been  used  in  science  and  industry  for  measuring  prop- 
erties  or  characteristics  such  as  fluid  flow,  clearances, 
moisture  content,  fluid  level,  material  composition,  elec- 
trostatic  condition  and  the  like.  Though  each  particular 
application  has  its  own  peculiarities  which  influence 
probe  structure  and  mode  of  use,  a  common  structure 
for  such  probes  has  been  superposed  or  concentric  lay- 
ers  of  materials  which  constitute  the  probe  electrodes, 
insulating  or  dielectric  materials  and  other  elements. 

For  example,  U.S.  Patent  3,269,180  to  Schreiber 
discloses  a  capacitive  electrode  for  flow  measurement 
in  open  channels  in  which  a  specially  shaped  electrode 
is  encased  in  a  dielectric  sheath  and  provided  with  a 
guard  or  shield  electrode  on  the  exterior  of  the  sheath. 
U.S.  Patents  3,706,980  and  3,781,672  to  Maltby  show 
radio  frequency  systems  for  measuring  the  level  of  flu- 
ids,  in  which  concentric  probe  and  guard  electrodes  are 
used  to  measure  the  impedance  of  the  fluid  as  an  indi- 
cator  of  its  depth.  U.S.  Patent  4,064,753  to  Sun  teaches 
that  the  probe  and  guard  electrodes  should  be  located 
on  a  common  surface  in  a  fluid  level  measuring  system, 
rather  than  in  separate  layers  as  previously  had  been 
the  practice.  Similarly,  U.S.  Patent  4,31  8,042  to  Eda  dis- 
closes  the  use  of  coplanar  probe  and  guard  electrodes 
at  essentially  the  same  potential,  with  the  guard  elec- 
trode  extending  around  virtually  the  entire  perimeter  of 
the  probe  electrode,  to  protect  the  probe  electrode  from 
stray  voltages  that  would  produce  measurement  errors. 

In  another  capacitance  probe  known  to  the  inven- 
tors  and  used  for  measuring  the  width  of  slots  or  clear- 
ances  between  electrically  conductive  parts,  the  probe 
electrode  was  formed  from  a  thin,  stainless  steel,  chem- 
ically  etched  blank  which  was  covered  on  both  sides 
with  a  thin  layer  of  unsupported  thermoplastic  adhesive 
and  heat  sealed.  In  some  applications,  guard  electrodes 
also  were  used  which  were  coplanar  with  the  probe  elec- 
trodes.  The  resultant  structure  was  then  covered  on 
both  sides  with  a  thin  metallized  dielectric  layer,  in  which 
sensing  windows  were  then  cut  above  the  tip  of  the 
probe  electrode  to  define  the  active  area  of  the  probe. 
This  thin  metallized  layer,  once  the  sensing  windows 

were  cut,  functioned  as  an  overlying  guard  electrode  in 
the  finished  probe.  A  lead  foil  contact  was  then  attached 
between  the  coplanar  guard  electrode  and  the  metal- 
lized  layer.  After  the  delicate  window  cutting  operation 

5  was  completed,  the  whole  was  then  wrapped  in  poly- 
tetrafluorethylene  (PTFE)  tape  and  heat  sealed;  so  that, 
the  completed  laminated  structure  could  not  be  disas- 
sembled  without  destroying  the  probe. 

These  latter  types  of  probes  were  difficult  to  make 
10  and  numerous  problems  were  encountered.  The  overall 

thickness  of  the  probes  tended  to  vary  rather  widely, 
which  led  to  unwanted  wobble  of  the  probes  when  they 
were  moved  along  clearances  to  make  measurements 
of  width  over  a  distance.  Furthermore,  since  the  probes 

is  typically  were  only  clamped  in  a  holder  during  use,  they 
tended  to  move  within  the  holder,  thus  leading  to  inac- 
curate  or  unreproducible  measurements.  For  the  same 
reason,  the  users  of  such  probes  might  position  them 
differently  within  the  clamp  type  holders  for  measure- 

20  ment,  leading  to  other  types  of  inaccuracies.  The  labo- 
rious,  manual  process  of  manufacture  of  such  probes 
also  contributed  to  problems  with  accurate  positioning 
of  the  probe  electrode  within  the  probe  and  beneath  the 
sensing  windows,  poor  electrical  contacts,  unpredicta- 

25  ble  contact  resistances,  and  low  yields  due  to  such  var- 
iables. 

Thus,  while  probes  of  the  various  types  discussed 
above  have  experienced  a  certain  degree  of  acceptance 
in  science  and  industry,  a  need  has  continued  to  exist 

30  for  a  probe,  particularly  a  capacitance  probe  for  meas- 
uring  the  width  of  slots  or  clearances,  which  is  simple 
and  reproducible  to  manufacture  and  use. 

Summary  of  the  Invention 
35 

A  principal  objective  of  the  present  invention  is  to 
provide  an  improved  capacitive  probe  which  can  be 
manufactured  in  significant  quantities  with  a  minimum 
of  manual  steps,  yet  which  is  simple  and  robust  during 

40  use  in  an  industrial  environment. 
Another  objective  of  the  present  invention  is  to  pro- 

vide  such  a  probe  which  can  be  readily  adapted  for  use 
to  measure  clearances  of  substantially  different  nominal 
widths,  using  the  same  basic  probe  geometry. 

45  Still  another  objective  of  the  present  invention  is  to 
provide  an  improved  carrier  for  such  a  probe  in  which 
the  probe  is  mounted  substantially  to  eliminate  move- 
ment  of  the  probe  relative  to  the  carrier  and  to  minimize 
movement  of  the  carrier  relative  to  the  clearance  being 

so  measured. 
Yet  another  objective  of  the  present  invention  is  to 

provide  a  capacitance  probe  which  can  be  used  to 
measure  width  over  an  increased  depth  or  width  or  both 
within  the  slot  or  clearance  being  measured,  without  re- 

55  quiring  recalibration  of  the  instrumentation  responding 
to  the  probe  and  without  substantial  loss  of  sensitivity. 

These  objectives  of  our  invention  are  given  only  by 
way  of  example.  Thus,  other  desirable  objectives  inher- 

2 
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ently  achieved  by  the  disclosed  invention  may  occur  to 
or  become  apparent  to  those  skilled  in  the  art. 

In  accordance  with  the  present  invention  a  capaci- 
tance  probe  is  provided  as  defined  in  Claim  1  . 

In  one  embodiment  of  the  invention,  improvements 
are  made  to  a  capacitance  probe  for  measuring  width 
of  a  slot  or  clearance,  of  the  type  including  a  least  one 
thin,  flat  probe  electrode  having  front  and  back  sides,  a 
first  layer  of  dieletronic  material  fixedly  adhered  to  such 
front  side,  a  second  layer  of  dielectric  material  adhered 
to  such  back  side  and  a  thin,  flat  guard  electrode  fixedly 
adhered  to  the  outer  surface  of  at  least  one  of  such  lay- 
ers  of  dielectric  material,  the  guard  electrode  having 
through  its  thickness  an  opening  opposite  the  tip  of  the 
probe  electrode,  to  define  the  active  area  of  the  probe. 
So  that  the  probe  may  be  used  in  slots  having  a  consid- 
erable  range  of  nominal  widths  to  be  measured,  it  further 
includes  a  first  layer  of  high  lubricity  material  manually 
peelably  adhered  to  one  outer  surface  of  the  probe  and 
a  second  layer  of  such  material  manually  peelably  ad- 
hered  to  the  other  outer  surface  of  the  probe.  Because 
these  latter  layers  are  manually  peelably  adhered  to  the 
sides  of  the  probe,  they  may  be  stripped  off  when  worn 
and  replaced  to  refurbish  a  probe  for  continued  use  in 
a  given  application  or  may  be  replaced  with  similar  lay- 
ers  of  thicker  or  thinner  manually  peelably  adhered  ma- 
terial  to  adapt  the  probe  for  use  in  slots  with  significantly 
different  ranges  of  widths  to  be  measured. 

As  used  in  this  specification,  "fixedly  adhered" 
means  that  the  layer  thus  attached  is  not  intended  to 
and  typically  cannot  be  removed  by  simple  manual  tech- 
niques  without  damaging  the  device;  whereas,  "manu- 
ally  peelably  adhered"  means  that  the  layer  thus  at- 
tached  is  definitely  intended  to  and  indeed  can  be  re- 
moved  by  simple  manual  techniques,  such  as  grasping 
the  edges  of  the  layer  with  the  fingers  and  pulling. 

In  another  embodiment  of  the  invention,  the  general 
type  of  capacitance  probe  described  above  is  provided 
in  its  guard  electrode  with  a  plurality  of  perforations 
through  the  thickness  of  the  electrode  at  the  location  op- 
posite  the  tip  of  the  probe  electrode.  These  perforations 
permit  the  underlying  probe  electrode  to  be  larger  and 
yet  expose  through  the  perforations  the  same  active  ar- 
ea  on  the  probe  electrode  as  on  a  probe  not  having  such 
a  perforated  guard  electrode.  The  larger  probe  elec- 
trode  enables  the  probe  to  measure  slot  width  over  an 
enlarged  side  wall  area  of  a  slot  or  clearance,  with  about 
the  same  sensitivity  as  a  probe  not  having  such  a  per- 
forated  guard  electrode  and  measuring  over  a  smaller 
side  wall  area. 

In  accordance  with  a  further  embodiment  of  the  in- 
vention,  the  general  type  of  capacitance  probe  de- 
scribed  above  is  provided  with  an  electrically  conductive 
carrier  block  for  the  probe,  the  block  having  a  substan- 
tially  flat  side  to  which  the  probe  is  attached  by  means 
which  pierce  the  probe  electrode  and  guard  electrode 
at  a  total  of  at  least  two  points,  to  provide  not  only  good 
electrical  contact,  but  also  a  secure  mechanical  joint. 

The  portion  of  the  probe  comprising  the  active  area  of 
the  probe  electrode  extends  beyond  the  perimeter  of  the 
flat  side  to  permit  insertion  into  the  slot  or  clearance.  To 
further  facilitate  insertion  of  the  probe  into  and  move- 

5  ment  along  the  slot,  the  lateral  edges  of  the  probe  pref- 
erably  are  tapered  toward  one  another  in  the  direction 
away  from  the  carrier  block. 

Brief  Description  of  the  Drawings 
10 

The  foregoing  and  other  objects,  features  and  ad- 
vantages  of  our  invention  will  be  apparent  from  the  fol- 
lowing  more  particular  description  of  the  preferred  em- 
bodiments  of  the  invention,  as  illustrated  in  the  accom- 

15  panying  drawings,  in  which: 
Figure  1  shows  a  schematic  representation  of  a  slot 

width  measurement  system  in  which  the  probes  accord- 
ing  to  the  invention  may  be  used. 

Figure  2  shows  an  exploded  perspective  view  of 
20  one  embodiment  of  the  invention,  illustrating  how  the 

various  probe  and  guard  electrode  layers  are  configured 
and  assembled. 

Figure  3A  shows  a  greatly  enlarged  fragmentary 
plan  view  of  the  tip  of  a  probe  electrode  and  a  guard 

25  electrode  window,  illustrating  their  relative  sizes. 
Figure  3B  shows  a  greatly  enlarged  fragmentary 

plan  view  of  the  tip  of  a  probe  electrode  and  a  guard 
electrode  windowforthe  embodiment  in  which  the  guard 
electrode  has  been  provided  with  perforations  substan- 

30  tially  equal  in  area  to  the  window  of  Figure  3A,  to  permit 
an  increase  in  the  size  of  the  side  wall  area  swept  by 
the  probe  but  without  changing  sensitivity. 

Figure  4  shows  a  plan  view  of  the  preferred  probe 
and  coplanar  guard  electrode  of  the  invention. 

35  Figure  5  shows  a  plan  view  of  the  preferred  overly- 
ing  guard  electrode  with  sensing  window  of  the  inven- 
tion. 

Figure  6  shows  an  exploded  view  of  a  preferred 
probe  made  using  the  electrode  structures  of  Figures  4 

40  and  5,  illustrating  how  the  layers  are  assembled. 
Figure  7  shows  a  schematic  illustration  of  the  sev- 

eral  layers  of  the  probe  of  Figure  6. 
Figure  8  shows  an  exploded  view  of  a  preferred 

probe  and  carrier  block  of  the  invention. 
45  Figure  9  shows  a  schematic  illustration  of  the  sev- 

eral  layers  of  yet  another  embodiment  of  the  invention. 
Figure  10  shows  a  typical  calibration  curve  for  a 

probe  according  to  the  invention,  in  which  probe  voltage 
is  plotted  as  a  function  of  slot  width. 

so  Figure  11  shows  a  typical  on-site  measurement 
curve  for  such  a  probe,  in  which  probe  voltage  is  plotted 
as  a  function  of  slot  length. 

Detailed  Description  of  the  Preferred  Embodiments 
55 

The  following  is  a  detailed  description  of  the  pre- 
ferred  embodiments  of  the  invention,  reference  being 
made  to  the  drawings  in  which  the  same  reference  nu- 

25 

30 

35 

40 

45 

50 

3 



5 EP  0  598  707  B1 6 

merals  identify  the  same  elements  of  structure  in  each 
of  the  several  Figures. 

Referring  to  Figure  1,  the  general  operation  will  be 
explained  of  a  system  which  measures  slot  width  using 
a  probe  10  according  to  the  invention.  The  active  portion 
of  probe  10  is  inserted  into  the  slot  or  clearance  12  in 
structure  14,  the  width  of  which  slot  is  to  be  measured. 
Slot  12  typically  will  include  side  walls  16,18  and  may 
include  a  bottom  wall  20.  The  outer  edges  of  slot  12  of- 
ten  are  bounded  by  flat  lips  22  on  which  probe  10  may 
slide,  as  will  be  discussed  subsequently.  Probe  1  0  forms 
a  capacitance  with  the  grounded  structure  14  and  is 
powered  and  monitored  by  a  conventional  capacitance 
meter  24  such  as  a  Model  AS-2021-SAI  made  by  Me- 
chanical  Technologies,  Inc.  of  Latham,  New  York.  Meter 
24  may  include  a  probe  amplifier  26  and  reference  os- 
cillator  28  and  delivers  its  output  to  a  signal  conditioning 
unit  30  useful  primarily  during  calibration  to  set  the  span 
of  the  instrument.  The  output  of  unit  30  is  fed  to  a  con- 
ventional  strip  chart  or  X-Y  recorder.  Probe  10  may  be 
used  to  measure  the  width  of  slot  1  2  at  a  single  location, 
if  desired;  but  typically,  it  will  be  traversed  along  the 
length  of  the  slot  to  permit  measurement  of  the  width 
profile  along  such  length.  This  traversal  may  be  done 
manually  or  automatically,  but  in  either  case  a  conven- 
tional  position  transducer  34  will  be  used  to  monitor  the 
location  of  probe  10  along  slot  12  and  provide  a  signal 
to  recorder  32.  Where  an  automatic  traversing  mecha- 
nism  is  used,  not  illustrated,  a  traversing  motor  control 
36  preferably  is  connected  between  the  traversing  mo- 
tor  and  the  probe  to  synchronize  the  operation  of  record- 
er  32  with  the  movement  of  probe  1  0.  The  results  of  each 
traverse  of  probe  10  are  recorded  and  used  as  desired 
to  evaluate  the  condition  of  slot  12. 

Figure  2  illustrates  one  embodiment  of  the  invention 
comprising  seven  layers  or  laminae.  A  central  layer  38 
and  a  first  outer  layer  50,  which  preferably  are  made 
from  0.0005  to  0.005  inch  (0.001  27  to  0.01  27  cm)  stain- 
less  steel  for  resistance  to  flexure,  but  also  may  be  made 
from  other  metals,  are  laminated  to  opposite  sides  of  a 
0.001  to  0.003  inch  (0.00254  to  0.00762  cm)  layer  40  of 
an  electrically  insulative  adhesive  such  as  DuPont 
Pyralux  LF0100,  a  staged  modified  acrylic  material. 
Stainless  steel  is  preferred  for  layers  38  and  50  since 
for  a  given  set  of  desired  performance  characteristics, 
a  steel  electrode  can  be  made  much  thinner  than,  say, 
a  copper  one.  This  thinness  is  significant  since  during 
lamination  etched  electrodes  of  thicker  material  are 
more  prone  to  cut  through  the  adjacent  insulative  layers 
and  cause  shorting  to  the  guard  electrodes.  An  adhesive 
such  as  Pyralux  LF0100  will  laminate  well  at  tempera- 
tures  around  1  77  degrees  centrigrade  under  a  pressure 
of  about  1  50  to  200  psi  (1  034  to  1  379  kPa)  for  approx- 
imately  one  hour.  Then  layers  38  and  50  are  etched  us- 
ing  conventional  photoresist  techniques  to  remove  com- 
pletely  from  layer  38  the  narrow  band  42,  shown  shaded 
for  ease  of  illustration,  and  thus  define  in  layer  38  an 
elongated  central  probe  electrode  44  and  a  coplanar, 

surrounding  guard  or  shield  electrode  46;  and  in  layer 
50  to  define  an  opening  or  window  56  through  the  thick- 
ness  of  layer  50  just  opposite  the  tip  of  probe  electrode 
44  and  to  remove  completely  corner  portion  58  to  permit 

5  electrical  connection  to  the  connector  pad  62  left  on 
probe  electrode  44.  Band  42  preferably  is  0.001  to  0.020 
inch  (0.00254  to  0.0508  cm)  in  width  all  around  probe 
electrode  44,  to  ensure  adequate  isolation  from  guard 
electrode  46.  Window  56  is  sized  to  be  smaller  than  the 

10  underlying  tip  of  probe  electrode  44;  so  that,  its  edges 
extend  inwardly  beyond  the  underlying  edges  of  the 
probe  electrode.  As  a  result,  the  guard  electrode  layer 
will  resist  any  outward  deformation  of  the  probe  elec- 
trode.  A  second  layer  48  of  adhesive  and  a  second  outer 

is  layer  52  of  stainless  steel  are  then  laminated  to  the 
etched  surface  of  layer  38.  Layer  52  is  then  etched  using 
conventional  photoresist  techniques  to  define  opening 
or  window  54  through  the  thickness  of  layer  52  just  op- 
posite  the  tip  of  probe  electrode  44  and  to  remove  com- 

20  pletely  corner  portion  60  to  permit  electrical  connection 
to  the  connector  pad  62  left  on  probe  electrode  44.  For 
ease  of  illustration,  openings  54,56  and  corner  portions 
58,60  are  shown  shaded.  With  windows  54,56  and  por- 
tions  58,60  removed,  the  remainders  of  layers  50,52 

25  form  front  and  back  guard  electrodes  64,66.  Those 
skilled  in  the  art  will  appreciate  that  the  laminating  and 
etching  steps  just  described  may  be  performed  in  vari- 
ous  sequences  and  also  for  a  large  number  of  probes 
simultaneously,  after  which  the  individual  probes  may 

30  be  cut  from  the  larger  lamination  using  any  convenient 
means. 

Finally,  outer  layers  68,70  are  added  which  may  be 
fixedly  adhered  (laminated)  layers  of  the  insulative  ad- 
hesive  mentioned  previously;  however,  it  is  preferred 

35  that  layers  68,70  be  made  from  a  manually  peelably  ad- 
hered  material  such  as  DuPont  CHR  HM225  poly- 
tetrafluoroethylene  (Teflon  or  PTFE)  tape  or  the  like. 
Preferably,  the  thickness  of  such  tape  should  be  less 
than  0.003  inch  (0.00762  cm)  for  the  example  given 

40  above.  Polyimide  and  polyester  tapes  are  also  accept- 
able;  however,  the  relatively  higher  degree  of  lubricity  of 
PTFE  makes  it  preferable  due  to  ease  of  inserting  and 
traversing  probe  1  0.  Such  tapes  can  be  obtained  readily 
in  various  thicknesses,  thus  enabling  the  user  of  the 

45  probe  to  adjust  its  thickness  in  the  field  to  suit  the  par- 
ticular  slot  12  or  simply  to  replace  the  layers  68,70  as 
the  probe  10  becomes  worn  in  use.  It  is  preferred  that 
layers  68,70  be  of  sufficient  thickness  to  establish  a  lat- 
eral  clearance  of  less  than  0.0005  inch  (0.00127  cm)  to 

so  minimize  decentering  errors  in  measurement.  Where  it 
becomes  necessary  to  add  more  layers  of  tape  to  fit  a 
particular  slot,  some  decrease  in  accuracy  is  to  be  ex- 
pected,  which  can  be  corrected  by  using  a  probe  with  a 
larger  active  area.  Alternatively,  a  probe  of  the  type 

55  shown  in  Figure  9  may  be  used  for  such  wider  slots  or 
clearances.  Regardless  of  which  material  is  selected  for 
layers  68,70,  means  such  as  screws  72,74,  preferably 
of  brass,  are  used  to  establish  the  necessary  electrical 

4 
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connections  between  probe  electrode  44,  guard  elec- 
trodes  64,66  and  the  meter  system  of  the  type  shown  in 
Figure  1  .  The  details  of  the  preferred  method  of  mount- 
ing  such  a  probe  will  be  explained  further  with  regard  to 
Figure  8. 

Figure  3A  shows  a  greatly  enlarged  fragmentary 
view  of  the  tip  of  probe  electrode  44  and  overlying  win- 
dow  54.  In  one  application,  windows  54,56  were  0.030 
inch  (0.0762  cm)  wide  and  0.480  inch  (1  .21  9  cm)  high, 
while  the  tip  on  probe  electrode  44  was  0.050  inch 
(0.127  cm)  wide  and  0.500  inch  (1.27  cm)  long.  Since 
windows  54,56  were  smaller  than  the  tip  of  electrode  44, 
the  active  area  of  the  probe  was  the  area  of  the  windows, 
or  0.01  44  square  inches  (0.0929  square  cm.).  Suppose, 
now,  that  it  is  desired  to  measure  the  width  of  a  slot 
across  a  larger  side  wall  area  having  a  depth  of  0.920 
inch  (2.337  cm).  One  way  to  do  this  would  be  to  use  a 
plurality  of  probes  having  their  probe  electrodes  located 
at  progressively  deeper  levels  in  the  slot  or  clearance. 
Or,  such  a  measurement  can  be  made  using  a  longer 
probe  electrode  of  the  same  width,  in  combination  with 
specially  configured  windows,  as  shown  schematically 
in  Figure  3B.  In  the  latter  case,  applicants  have  found, 
surprisingly,  that  the  calibration,  amplifier  gain  and  sen- 
sitivity  of  the  probe  will  not  require  adjustment  for  such 
a  larger  probe  electrode  tip;  provided  that,  the  active  ar- 
ea  of  the  probe,  as  seen  through  windows  54,56,  re- 
mains  essentially  unchanged.  To  maintain  such  a  con- 
stant  active  area,  applicants  have  found  that  single  win- 
dows  54,56  may  be  replaced  by  a  plurality  of  perfora- 
tions  76  so  that  the  combined  open  area  of  the  perfora- 
tions  76  is  essentially  the  same  as  the  active  area  of 
each  of  the  single  windows  54,56  shown  in  Figure  3A. 
Those  skilled  in  the  art  also  will  appreciate  that  such  per- 
foration  also  may  be  used  to  expose  the  same  active 
area  of  a  much  wider  probe,  to  permit  measurements 
across  an  increased  portion  of  the  length  of  a  slot  or 
clearance.  Perforations  76  may  be  formed  using  con- 
ventional  photoresist  techniques,  by  laser  machining  or 
other  methods  familiar  to  those  in  the  art.  Applicants 
have  found  that  perforations  having  a  nominal  diameter 
of  0.010  inch  (0.0254  cm)  or  greater  are  preferable; 
however,  other  shaped  or  sized  openings  are  also  within 
the  scope  of  this  embodiment  of  the  invention.  For  ex- 
ample,  rather  than  circular  perforations  76,  concentric 
annular  gaps  similar  to  gap  42  or  groups  of  short  straight 
or  curved  gaps  could  also  be  used,  so  long  as  the  active 
area  remains  substantially  the  same  as  the  tip  of  the 
probe  is  enlarged.  As  used  in  this  specification,  "perfo- 
rations"  means  any  types  of  openings  through  the  guard 
electrode  above  the  tip  of  the  probe  electrode,  whose 
total  area  is  selected  to  maintain  an  essentially  constant 
active  area,  as  previously  described. 

Although  the  embodiment  of  Figure  2  performs  well, 
applicants  have  found  that  the  use  of  two  probe  elec- 
trodes  connected  in  parallel  gives  superior  results. 
Thus,  the  nine  layer  probe  structure  of  Figures  4  to  8 
was  developed  and  is  the  preferred  embodiment  of  our 

invention.  Figures  4  and  5  show,  respectively,  the  as- 
etched  configurations  of  the  probe  electrodes  78  and 
their  coplanar  guard  electrodes  80;  and  the  as-etched 
configurations  of  the  overlying  guard  electrodes  82  with 

5  their  windows  84  and  probe  connector  pads  86.  Perfo- 
rations  also  may  be  used  in  this  embodiment  for  the  rea- 
sons  just  described.  The  same  materials  are  used  for 
the  electrodes,  insulating  layers  and  manually  peelably 
adhered  layers  of  this  embodiment  as  have  been  de- 

10  scribed  for  the  embodiment  of  Figure  2.  As  in  the  previ- 
ous  embodiment,  the  completed  probe,  other  than  the 
outer  peelable  layers,  may  be  made  using  conventional 
laminating  and  photoresist  etching  techniques. 

In  one  actual  embodiment  of  the  probe  of  Figures  4 
is  to  8,  the  tip  88  of  probe  78  was  0.583  inch  (1  .481  cm) 

long  and  0.047  inch  (0.119  cm)  wide  and  was  connected 
by  a  lead  90  0.020  inch  (0.0508  cm)  wide  to  a  connector 
pad  92  located  to  be  concentric  with  pad  86.  A  0.020 
inch  (0.0508  cm)  band  of  material  was  etched  through 

20  the  thickness  of  the  stainless  steel  layer  surrounding 
probe  electrode  78  to  isolate  it  from  surrounding  guard 
electrode  80.  From  a  point  below  the  upper  edge  94,  the 
opposite  sides  96,98  were  tapered  inwardly  to  lower 
edge  1  00.  Such  tapered  edges  were  found  to  ease  con- 

25  siderably  the  insertion  of  the  probe  into  the  slot  to  be 
measured  and  the  movement  of  the  probe  along  the  slot 
during  measurement.  The  over-  and  under-lying  layers 
of  insulation  were  of  a  geometrically  similar  shape  but 
were  0.040  inch  (0.  1  02  cm)  larger  on  all  edges,  as  indi- 

30  cated  schematically  by  the  borders  1  02  in  Figures  4  and 
5.  In  the  same  embodiment,  windows  84  were  approxi- 
mately  0.563  inch  (1  .430  cm)  long  and  0.027  inch  (0.686 
cm)  wide.  Connector  pads  86  were  roughly  twice  the  di- 
ameter  of  connector  pads  92  and  were  separated  from 

35  the  surrounding  guard  electrodes  by  a  gap  104  about 
0.040  inch  (1.016  cm)  wide  etched  through  the  thick- 
ness  of  the  stainless  steel  layer. 

The  assembly  process  for  the  probe  of  Figures  4  to 
8  was  similar  to  that  of  the  embodiment  of  Figure  2.  A 

40  central  layer  1  06  of  insulative  adhesive  of  the  type  pre- 
viously  described  was  laminated  on  each  side  to  layers 
1  08,  1  1  0  of  stainless  steel  of  the  same  type  and  the  stain- 
less  steel  layers  were  then  etched  to  produce  the  probe 
electrode  geometries  shown  in  Figure  4.  Because  the 

45  thin  stainless  steel  used  to  produce  the  electrodes  is 
made  by  a  rolling  process,  it  tends  to  bow  preferentially 
to  one  side,  a  characteristic  which  may  cause  the  com- 
pleted  probe  to  bow  if  the  layers  are  not  assembled  in 
accordance  with  our  invention.  Particularly,  in  addition 

so  to  overlapping  the  edges  of  each  probe  electrode  with 
the  edges  of  the  window  of  the  guard  electrode,  as  pre- 
viously  described,  the  layers  comprising  the  probe  elec- 
trodes  78  and  guard  electrodes  80  preferably  are  as- 
sembled  so  that  their  tendencies  to  curve  will  be  in  op- 

55  posite  directions,  thereby  cancelling  each  other.  Simi- 
larly,  the  overlying  guard  electrodes  82  are  faced  oppo- 
sitely  to  cancel  their  tendencies  to  curve. 

Further  layers  112,114  of  insulative  adhesive  and 

5 
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further  layers  116,118  of  stainless  steel  were  then  lam- 
inated  over  the  electrode  geometries  just  produced,  af- 
ter  which  layers  116,118  were  etched  to  produce  the 
guard  electrode  and  window  geometries  shown  in  Fig- 
ure  5.  The  outer  layers  120,122  of  manually  peelably 
adhered  material  were  added  following  lamination  and 
etching  of  the  other  layers,  as  needed  to  achieve  the 
desired  overall  thickness  of  the  probe,  and  then  trimmed 
as  necessary  to  conform  to  the  geometry  of  the  laminat- 
ed  layers,  as  indicated  in  phantom  in  Figure  6. 

Figure  8  illustrates  how  the  completed  probe  10  is 
mounted  for  use.  A  carrier  block  124,  preferably  made 
of  brass,  is  provided  on  one  flat  face  126  with  a  row  of 
tapped  holes  1  28,  preferably  five  in  number.  The  central 
one  of  holes  128  is  fitted  with  an  electrically  insulative 
liner  1  30  having  a  tapped  conductive  sleeve  at  its  center, 
not  illustrated.  This  sleeve  is  electrically  connected  to  a 
read  out  terminal  132  attached  to  the  top  of  the  carrier 
block;  and  in  use  terminal  1  32  is  connected  to  meter  24 
as  shown  in  Figure  1,  while  carrier  block  124  is  driven 
at  the  same  electrical  potential  as  the  probe  and  guard 
electrodes.  Probe  10  is  provided  with  a  line  of  drilled 
holes  134,  preferably  three  in  number,  the  center  one  of 
which  passes  through  connector  pads  86  and  92  and 
the  outer  ones  of  which  pass  through  guard  electrodes 
80  and  82.  Applicants  have  found  that  due  to  the  use  of 
multiple  connectors  for  probe  1  0,  one  for  the  probe  elec- 
trodes  and  at  least  one,  preferably  two,  for  the  guard 
electrodes,  the  positioning  of  the  probe  on  block  124  is 
much  more  stable  and  accurate  than  if  prior  art  clamping 
techniques  were  used. 

An  optional  insulative  spacer  136,  which  may  be 
made  from  PTFE,  includes  a  corresponding  line  of  bores 
through  which  conductive  screws  138  are  driven 
through  holes  134  to  connect  the  probe  electrodes  to 
terminal  132  and  the  guard  electrodes  to  carrier  block 
124.  If  the  lip  22  of  slot  12  is  of  electrically  conductive 
material,  a  layer  140  of  electrically  insulative  material 
must  be  provided  on  the  contact  surface  of  block  124. 
PTFE  is  preferred  for  layer  124  due  to  its  high  lubricity 
as  well  as  its  insulative  properties.  Finally,  a  front  cover 
1  42,  preferably  of  brass,  is  mounted  over  spacer  1  36  by 
means  of  the  remaining  tapped  holes  1  28  in  block  1  24. 
In  use,  probe  10  is  inserted  into  slot  or  clearance  12  so 
that  block  124  rests  on  lip  22  and  the  assembly  is  then 
moved  along  the  slot  to  obtain  the  desired  measure- 
ments  of  slot  width.  Due  to  the  balanced,  heavy  config- 
uration  of  this  assembly,  probe  wobbling  and  cocking 
during  movement  are  essentially  eliminated. 

Figure  9  illustrates  schematically  the  layers  of  an 
alternative,  more  robust  probe  structure  according  to  the 
invention,  which  is  particularly  useful  for  wider  slots  or 
clearances.  A  central  layer  1  44  of  insulative  adhesive  is 
laminated  on  each  side  to  a  layer  146  of  polyimide  ma- 
terial  such  as  Kapton  film  made  by  the  E.I.  DuPont  de 
Nemours  Company  of  Wilmington,  Delaware.  This  lam- 
inate  is  then  laminated  on  each  side  to  a  layer  148  of 
insulative  adhesive.  Then  probe  and  guard  electrode 

layers  150,  of  the  type  previously  described,  are  lami- 
nated  on  each  side  and  etched,  followed  by  layers  152 
of  insulative  adhesive.  Then,  window  and  guard  elec- 
trode  layers  154  are  laminated  on  each  side  and  etched 

5  to  produce  the  finished  probe,  ready  for  field  application 
of  manually  peelably  adhered  layers.  When  the  thick- 
ness  and  stiffness  of  the  probe  are  increased  by  thick- 
ening  the  insulative  layer  between  the  two  probe  elec- 
trode  and  guard  electrode  layers  150,  the  gain  of  the 

10  probe  remains  essentially  unchanged,  making  changes 
in  readout  circuitry  unnecessary. 

Probes  made  in  the  manner  previously  described 
may  be  calibrated  using  familiar  techniques.  Essentially, 
the  calibration  process  requires  the  preparation  of  two 

is  or  more  standard  width  slots  in  which  the  probe  may  be 
tested.  Measurements  of  its  output  voltage  are  taken 
and  plotted  against  slot  width  in  the  manner  shown  in 
Figure  10.  Of  course,  those  skilled  in  the  art  will  recog- 
nize  that  such  data  also  may  be  stored  in  various  for- 

20  mats  in  an  appropriately  programmed  computer.  Once 
the  response  of  the  probe  is  known,  the  span  of  the  sig- 
nal  conditioning  unit  of  Figure  1  is  adjusted  and  the 
probe  may  be  used  in  the  field.  In  field  applications,  the 
probe  is  inserted  into  the  slot  of  interest  and  drawn  along 

25  the  slot  while  its  output  voltage  is  monitored  and  sam- 
pled  to  produce  a  plot  of  voltage  against  slot  length  in 
the  manner  shown  in  Figure  11  .  Knowing  the  measured 
voltage  at  a  given  point  along  the  length  of  the  slot,  one 
can  readily  determine  from  information  such  as  shown 

30  in  Figure  10  just  what  the  slot  width  is  at  that  location. 
Again,  such  a  comparison  can  be  done  electronically,  if 
preferred. 

35  Claims 

1.  A  capacitance  probe  (10)  for  measuring  the  width 
of  a  slot  (1  2)  or  other  clearance  between  electrically 
conductive  parts,  said  probe  including 

40 
at  least  one  thin,  flat  probe  electrode  (44;  78) 
having  front  and  back  sides, 
a  first  layer  (40;  114)  of  dielectric  material  fix- 
edly  adhered  to  said  front  side, 

45  a  second  layer  (48;  112)  of  dielectric  material 
fixedly  adhered  to  said  back  side,  and 
a  thin,  flat  guard  electrode  (64;  82)  fixedly  ad- 
hered  to  the  outer  surface  of  one  of  said  layers 
of  dielectric  material,  said  guard  electrode  hav- 

so  ing  at  least  one  opening  (56;  84)  through  its 
thickness  opposite  said  probe  electrode  to  de- 
fine  the  active  area  of  the  probe,  characterized 
by 
a  first  layer  (68;  1  22)  of  high  lubricity,  electrical- 

55  |y  insulative  material  manually  peelably  ad- 
hered  to  the  outer  surface  of  said  guard  elec- 
trode, 
the  thickness  of  said  manually  peelable  layer 

6 
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being  selected  in  use  to  produce  in  the  probe  a 
total  nominal  thickness  to  optimally  position  the 
probe  for  accurate  measurement  of  the  width 
of  said  slot  or  clearance. 

5 
2.  A  capacitance  probe  according  to  Claim  1  ,  wherein 

said  probe  includes 

a  further  thin,  flat  guard  electrode  (66;  82)  fix- 
edly  adhered  to  the  outer  surface  of  the  other  10 
of  such  layers  of  dielectric  material,  such  fur- 
ther  guard  electrode  also  having  at  least  one 
opening  through  its  thickness  opposite  such 
probe  electrode  to  define  the  active  area  of  the 
probe,  and  15 
a  second  layer  (70;  120)  of  high  lubricity,  elec- 
trically  insulative  material  manually  peelably 
adhered  to  the  outer  surface  of  said  further 
guard  electrode. 

Patentanspriiche 

1.  Kapazitive  Sonde  (10)  zur  Messung  der  Breite  ei- 
nes  Schlitzes  (12)  oder  anderen  Spalts  zwischen  25 
elektrisch  leitenden  Teilen,  wobei  die  Sonde  folgen- 
de  Komponenten  aufweist: 

mindestens  eine  dunne,  flache  Sondenelektro- 
de  (44;  78)  mit  einer  Vorder-  und  Ruckseite;  30 

eine  erste,  test  auf  die  Vorderseite  geklebte 
Schicht  (40;  114)  aus  dielektrischem  Material; 

eine  zweite,  test  auf  die  Ruckseite  geklebte  35 
Schicht  (48;  112)  aus  dielektrischem  Material; 
und 

eine  dunne,  flache  Schutzelektrode  (64;  82), 
die  test  auf  die  AuBenflache  einer  der  Schich-  40 
ten  aus  dielektrischem  Material  geklebt  ist  und 
mindestens  eine  offnung  (56;  84)  durch  ihre 
Dicke  gegenuber  der  Sondenelektrode  auf- 
weist,  die  den  aktiven  Bereich  der  Sonde  bildet; 

45 
gekennzeichnet  durch 

eine  erste  Schicht  (68;  122)  aus  hochschmier- 
fahigem,  elektrisch  isolierendem  Material,  das 
von  Hand  ablosbar  auf  die  AuBenflache  der  so 
Schutzelektrode  geklebt  ist, 

2.  Sonde  nach  Anspruch  1  ,  dadurch  gekennzeichnet, 
dal3  sie  folgende  Komponenten  aufweist: 

eine  zusatzliche  dunne,  flache  Schutzelektrode 
5  (66;  82),  die  test  auf  die  AuBenflache  der  an- 

deren  Schicht  aus  dielektrischem  Material  ge- 
klebt  ist  und  auch  mindestens  eine  Offnung 
durch  ihre  Dicke  gegenuber  der  Sondenelek- 
trode  aufweist,  die  den  aktiven  Bereich  der 

10  Sonde  bildet,  und 

eine  zweite  Schicht  (70;  1  20)  aus  hochschmier- 
fahigem,  elektrisch  isolierendem  Material,  das 
von  Hand  ablosbar  auf  die  AuBenflache  der  zu- 

15  satzlichen  Schutzelektrode  geklebt  ist. 

Revendications 

20  1  .  Sonde  capacitive  (10)  servant  a  mesurer  la  largeur 
d'une  fente  (1  2)  ou  autre  ecartement  entre  des  par- 
ties  electriquement  conductrices,  ladite  sonde 
comprenant  : 

25  au  moins  une  electrode  de  sonde  mince  et  plate 
(44;  78)  comportant  des  faces  avant  et  arriere, 
une  premiere  couche  (40;  114)  d'un  materiau 
dielectrique  colle  fixement  a  ladite  face  avant, 
une  seconde  couche  (48;  112)  d'un  materiau 

30  dielectrique  colle  fixement  a  ladite  face  arriere, 
et 
une  electrode  de  garde  mince  et  plate  (64;  82) 
collee  fixement  a  la  surface  exterieure  d'une 
desdites  couches  de  materiau  dielectrique,  la- 

35  dite  electrode  de  garde  ayant  au  moins  une 
ouverture  (56;  84)  a  travers  son  epaisseur  op- 
posee  a  ladite  electrode  de  sonde  afin  de  definir 
la  zone  active  de  la  sonde,  caracterisee  par 
une  premiere  couche  (68;  122)  d'un  materiau 

40  electriquement  isolant  a  lubricite  elevee  collee 
et  manuellement  detachable  a  la  surface  exte- 
rieure  de  ladite  electrode  de  garde,  I'epaisseur 
de  ladite  couche  detachable  manuellement 
etant  selectionnee  en  utilisation  pour  produire 

45  dans  la  sonde  une  epaisseur  nominale  totale, 
afin  de  positionner  de  maniere  optimale  la  son- 
de  pour  une  mesure  precise  de  la  largeur  de 
ladite  fente  ou  ecartement. 

so  2.  Sonde  capacitive  selon  la  revendication  1  ,  dans  la- 
quelle  ladite  sonde  comprend 

wobei  die  Dicke  der  manuell  ablosbaren 
Schicht  bei  Gebrauch  ausgewahlt  wird,  urn  ei- 
ne  Gesamtnenndicke  der  Sonde  zu  erzeugen  55 
und  die  Sonde  fur  die  genaue  Messung  der 
Schlitz-  oder  Spaltbreite  optimal  zu  positionie- 
ren. 

une  autre  electrode  de  garde  mince  et  plate 
(66;  82)  collee  de  maniere  fixe  a  la  surface  ex- 
terieure  de  I'autre  desdites  couches  de  mate- 
riau  dielectrique,  cette  autre  electrode  de  garde 
ayant  egalement  au  moins  une  ouverture  a  tra- 
vers  son  epaisseur  opposee  a  I'electrode  de 

7 
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sonde,  afin  de  definir  la  zone  active  de  la  sonde 
et 
une  seconde  couche  (70;  120)  d'un  materiau 
electriquement  isolant  a  lubricite  elevee  collee 
et  manuellement  detachable  a  la  surface  exte- 
rieure  de  ladite  autre  electrode  de  garde. 
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